Summary. Based on experimental investigations, a very close correlation was established between the torque loading of the cycloid gear and the laser sensor's indications measuring the displacement of the gear body. The method is given and the relationship between the registered signal of the torque loading of the gear and the registered laser sensor signal is determined. The practical application of this property in the industrial diagnostics of cycloidal gears is discussed. Spectral analysis of the fast Fourier transform (FFT) signal ripple from a laser sensor is made. These results are compared with the results of the analysis carried out on the ripples of the torques and rotational speeds of the cycloid gear. This comparison shows that the spectral FFT analysis of the ripples of the laser sensor signal is a useful tool in the diagnostics of cycloidal gears.
INTRODUCTION
The test object and test stand are described in [6] . The test stand has been additionally equipped with a laser sensor for measuring the horizontal displacement of the cycloidal gear housing (see Figure 1) . The purpose of the analysis is to check the possibility of determining the property and size of the load torque by means of the laser sensor signal. The test conditions are given below:
Tested object: Three-disc Cyclo gearbox (prototype) Work mode: Reducer Input speed (mean): 1,600 rpm Output torque (mean): 495 Nm Type of oil: ATF M3 Plus Temperature of oil: 37.4°C
MEASURED SIGNALS
The form of the measured and recorded signals is shown in Figure 2 . This figure shows a very large similarity between the output torque of the cycloidal gear (load) and the horizontal displacement of its housing (signal from the laser sensor).
This similarity prompted the question about whether the torque of the cycloidal gear load can be estimated by means of a laser signal for measuring the horizontal displacement of the gear housing.
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Fig. 2. Measured and recorded signals
The first step was to determine the static characteristics of the mean value of the laser signal as a function of the average torque load of the cycloid gear. The results of these calculations are presented in Figure 3 .
As can be seen from the characteristics set out in Figure 3 , the correlation coefficients between the analysed values are very high. This motivated us to analyse the dynamic relations between the torque signal of the load and the laser signal measuring the horizontal deflections of the cycloidal gear. 
ANALYSED SIGNALS
The analysis was carried out for half of the recorded signals, i.e., when the value of the rotational speed of the cycloidal gearbox increases and remains constant. It is possible to observe a large similarity in the course of changes in the output torque signal along with the signal from the laser sensor. This applies to both the time and input speed functions. The latter are of more practical significance. (Figures 4-5) . Fig. 4 . Analysed signals as a function of time As can be easily noticed, the laser signal course accurately reflects the rotational speed zone in which the output torque of the cycloidal gear increases.
In Figure 5 , characteristic revolutions can be distinguished: [40, 290, 550, 800, 1,200 and 1,600 (idem)] rpm. They correspond to amplitudes: ±(110, 150, 70, 100, 150 and 60) Nm and ±(8, 9, 5, 6, 10 and 4) μm. The reaction torque of the gear housing is the sum of the torque on the input and output shaft; hence, the average value of the vibration recorded by the laser sensor increases with the revolutions as opposed to the torque at the exit from the transmission. In addition, the character of changes in both parameters is almost identical.
By entering the conversion factor:
(
where: -torque on the output shaft in Nm, -horizontal displacement of the gear housing in μm.
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Fig. 5. Comparison of both torques as function of input speed
The compatibility of both signals is obtained as in Figure 6 . The analysis of the tested signals was carried out using the CatMan program. This useful, powerful tool enables the processing of digital signals containing hundreds of thousands of measurement points. A screenshot of this program for the analysed signals is shown in Figure 5 . In order to represent the torque of the cycloidal gear load by a laser signal measuring the horizontal displacement of its housing, the appropriate coefficient should be determined.
The multiplication factor was determined by dividing the output torque by the laser signal as the mean value of the new variable obtained (Figures 5-6 ). This factor equalled 12.69.
The comparison of the output torque with the torque calculated from the laser signal (multiplication factor=12.69) is shown in Figure 5 (as a function of time) and Figure 6 (as functions of the input speed). As for the average value for these runs, it is practically the same (coefficient k=12.69). However, the maximum value is 6.5% lower for the moment calculated from the laser signal ( Figures 5 and 6 ).
For the factor k=13, the mean values of the torques differ by 2.7% (the calculated moment for laser is higher) and the maximum amplitude for the laser torques is 9.8% higher ( Figures  7-8) . Thus, the correction increases errors.
FFT ANALYSIS
Time curves of the analysed signals have been subjected to FFT analysis. The results of the FFT analysis are presented in Figure 9 .
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Figure 9. The results of the FFT analysis
The FFT analysis parameters are as follows: the number of discrete values=4,096, sampling (or capture) frequency=1,200 Hz for output torques and laser signal. Thus, the spectrum frequency range is 0÷600 Hz, while the frequency resolution (spacing between frequency lines) is 0.29 Hz.
As shown in Figure 10 , in the range up to 50 Hz, almost full compliance of the measurements was obtained from the torque and laser sensor. The frequencies are identical and the amplitudes are similar. In addition, the frequencies from Figure 10 are similar to those in Figure 5 , with their comparison shown in Table 1 . Taking into account k=12.69 Nm/μm, the amplitudes from the laser sensor were calculated according to the readings from the torque counter. The results from the torque sensor are highlighted in yellow. In addition, the results for a fixed rotational speed of 1,200 rpm of the input shaft are provided. The resonant frequencies set during FFT are characterized by a high conformity of parameters, which allows us to assign them to the characteristic ranges of rotational speeds in Figures 4-6 . The frequencies in Column II are characterized by high amplitude (resonance of 550 rpm); in Columns IV and V, there are two very similar parameters, which, when adding up, give a resonance of around 1,200 rpm. A comparison of significant frequencies for 1,600 rpm and various load torques is shown in the table below. Columns with the largest amplitudes are highlighted in yellow. Table 2 List of significant frequency parameters Hz According to the literature [2, 3, 5, 7] , the rotational speed of the input shaft, i.e., 1,600 rpm, corresponds to fundamental frequencies of 1.4 Hz and 26.7 Hz and the frequency of meshing, 28.1 Hz. The results in the above table show a high compliance with the theory, but other characteristic values also occur.
CONCLUSIONS
The torque calculated from the laser sensor signal can be an interesting diagnostic signal. It is possible to estimate the load torque of the cycloidal gear on this basis.
Analysis of this signal can be a good alternative for the analysis of signals from piezoelectric sensors in the low-frequency range.
This paper contains the first step in discussing this issue.
